10 



DEC 1 8 2006 

RACK STRUCTURE FOR BACKLASH-FREE RACK-AND-PINION \ m 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to a backlash-free rack-and-pinion appropriate 
for effecting the interconversion of rotary and linear motion in an electronic device, toy 
or clock, and more particularly to a rack structure for such a backlash-free 
rack-and-pinion. 



2. Related Art 

To reciprocate a movable part in a precision machine or apparatus, a 
rack-and-pinion has been widely used. For example, a disc device uses a 
rack-and-pinion for moving its disc tray back and forth. Also, a rack-and-pinion is used 

15 for driving an optical pickup across a disc, which is rotating on a turntable. It is 
required that the optical pickup be carried right to the disc, and driven across it at a 
controlled speed. As a matter of fact it is most important that the optical pickup be 
precisely controlled in position. 

As is well known, the rack meshes with the pinion with a minimum gap 

20 between the teeth of the rack and the teeth of the pinion. Then, a backlash may 
result from somewhat loose connections between the gear wheel and the toothed bar. 
The backlash is most evident on reversal of movement, and therefore, the precision 
in the position control is apt to decrease in reciprocating the optical pickup, thereby 
making it impossible to record or reproduce the sound and/or pictures to or from the 

25 disc. In an attempt to remove such backlash a variety of backlash removing 
structures have been proposed. 

JP2002-25206 (A), titled "Pickup Feeding Mechanism of Disc Player" shows 
a rack-and-pinion structure using a composite rack comprising first and second 
toothed bars arranged in parallel, and two parallel resilient strips arranged obliquely in 

30 the longitudinal space between the parallel toothed bars, and connected thereto. 
The confronting teeth of the first and second toothed bars are offset in phase from 
each other. With this arrangement when the teeth of a pinion are pushed in between 
the teeth of the composite rack, the teeth of the composite rack are forcibly aligned 
with respect to each other by the turning deformation of the resilient strips. Thus, the 
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pinion can mesh with the composite rack without leaving a minimum gap between the 
rack teeth and the pinion teeth, by which the smooth rotation is assured. 

However, the conventional rack-and-pinion structure requires that a significant 
longitudinal space be left between the parallel toothed bars due to the resilient strips, 
and therefore, the rack-and-pinion structure is relatively large in size. Also, the 
pinion to mesh with the composite rack is inevitably large in size. The metal mold for 
injection-molding such a composite object is complicated in structure, and accordingly 
expensive. Disadvantageous^, the rack-and-pinion structure is apt to be broken at 
the resilient strip-to-toothed bar joints. Such products are often damaged or deformed 
while being transported. The resilient strips are not connected to opposite toothed 
bars exactly at prescribed angles and it inflicts a noticeable degree of backlash on the 
rack-and-pinion structures. 

In view of the above one object of the present invention is to provide a 
backlash-free rack, which is simple in structure, and small in size, still assuring that no 
backlash is caused in reciprocating a movable part in an electronic device or any 
device which requires precision control of its movable part. 

SUMMARY OF THE INVENTION 

To attain this object, a rack structure for a feeding mechanism in an electronic 
20 device, toy or clock is improved according to the present invention in that the rack 
structure comprises first and second toothed bars both integrally connected to each 
other by an intermediate joint of a soft resin material to provide a linear toothed bar 
object, which is so folded about the intermediate joint that the first and second toothed 
bars are laid on each other with their teeth somewhat out of phase, thereby 
25 preventing a backlash which otherwise, would be caused between the teeth of the 
rack and those of the pinion. 

With this arrangement, the first and second toothed bars are resiliently 
displaced with respect to each other in their longitudinal directions when they are 
folded about the intermediate joint. Specifically, the first and second toothed bars 
30 are somewhat displaced and laid on each other so that they may be responsive to the 
meshing with the pinion for pinching some teeth of the pinion between the counter 
teeth of the somewhat staggered first and second toothed bars, thus preventing the 
backlash which otherwise would result. 

One of the first and second toothed bars may have hooks rising upright from 
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one side and the other toothed bar may have holes therein, whereby the first and 
second toothed bars when folded on each other are fastened together with the hooks 
inserted and caught by the hole edges. 

The intermediate joint has two counter nails formed thereon, these counter 
5 nails being so positioned that they may be engaged with each other when the 
intermediate joint is folded, making the teeth of the first and second toothed bars 
longitudinally out of phase relative to each other 

Other objects and advantages of the present invention will be understood 
from the following description of composite rack structures according to preferred 
10 embodiments of the present invention, which are shown in accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWING 

Fig.1 is a perspective view of a rack structure according to one embodiment 
of the present invention; 
15 Fig.2 is a perspective view of the rack structure, which is shown as being 

unfolded; 

Figs.3a, 3b and 3c are front, side and top plan views of a rack structure 
according to another embodiment of the present invention; 

Figs.4a, 4b, and 4c are front, side, and top plan views of the rack structure of 
20 Fig. 3 which is shown as being unfolded; 

Fig. 4d is sectional view of line 4d -4d in Fig.4a; and 

Fig. 5 is an enlarged view of the part of Fig.3 encircled and marked "A". 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENT 

25 Referring to Fig.1, a rack structure according to the present invention 

comprises first (or upper) and second (or lower) toothed bars 1 and 2 both integrally 
connected to each other by an intermediate joint 3 of a soft resin material to provide a 
linear toothed bar object or a composite rack (see Fig.2), which is so folded about the 
intermediate joint 3 that the first and second toothed bars 1 and 2 are laid on each 

30 other and staggered with their teeth somewhat out of phase, thereby preventing the 
gap which otherwise would occur between the teeth of the rack and those of the 
pinion. 

As seen from Figs.1 and 2, the first and second toothed bars 1 and 2 have 
teeth 5a, 5b and teeth 6a, 6b formed at regular intervals on the same side edges 



respectively. The second toothed bar 2 has three hooks 4a, 4b and 4c rising upright 
from on one side, whereas the first toothed bar 1 has three holes 7a, 7b and 7c made 
therein. The intermediate hook 4b is oriented to be counter to the other hooks 4a 
and 4c. The first and second toothed bars 1 and 2 are fastened together with the 
5 hooks 4a, 4b and 4c inserted and caught by the hole edges 7a, 7b and 7c when 
these toothed bars 1 and 2 are folded about the intermediate joint 3 of resilient resin 
and laid on each other. Thus, these toothed bars 1 and 2 cannot be separated from 
each other. 

Here, it should be noted that the first and second toothed bars 1 and 2 are 

10 displaced a short distance "A" relative to each other when the inner stress of the 
intermediate joint 3 is evenly distributed and balanced (see Fig.1). 

Accordingly the teeth 5a, 5b of the first toothed bar 1 are staggered from the 
teeth 6a, 6b of the second toothed bar 2; the hooks 4a, 4b and 4c are loosely fitted in 
the holes 7a, 7b and 7c so that the hooks may be move therein. 

15 The thickness or length of the pinion to be meshed with the composite rack is 

larger than the thickness of the composite rack, i.e. combined thickness of the folded 
first and second toothed bars 1 and 2. When the pinion meshes with the so staggered 
teeth of the composite rack, the offset distance "A" is reduced to almost zero, thus 
preventing the backlash. 

20 Referring to Figs.3a, 3b and 3c, a rack structure according to another 

embodiment comprises first (or upper) and second (or lower) toothed bars 8 and 9 
both integrally connected to each other by an intermediate joint 11 made of a soft 
resin material. The second toothed bar 9 has a fitting piece 10 integrally connected 
to one side. Also, the second toothed bar 9 has hooks 12 rising upright on one side, 

25 whereas the first toothed bar 8 has holes 13 made therein. These first and second 
toothed bars 8 and 9 are folded on each other, and are combined together with the 
hooks 12 caught in the holes 13 to form a composite rack. 

Fig.4 shows the composite rack structure of Fig. 3 as being unfolded prior to 
assembly. The rack is injection-molded from a metal mold in the form of unfolded 

30 linear extension. As shown, the first toothed bar section 8 has through holes 13, 13 
made therein, whereas the second toothed bar section 9 has hooks 12, 12 formed 
thereon. The intermediate joint section 11 has two triangular nails 14a and 14b 
formed thereon. Also, the intermediate joint section 11 has grooves 15a and 15b 
made to facilitate the folding. 

-4- 



Referring to Fig.5, the first and second toothed bars 8 and 9 are folded about 
the intermediate joint 11 until the counter nails 14a and 14b are engaged with each 
other. These nails 14a and 14b are triangular, and therefore when they meet with 
each other, those confronting sides slide on each other, making the first and second 
5 toothed bars 8 and 9 longitudinally move and stagger relative to each other. The 
resulting offset between the teeth of the first toothed bar 8 and those of the second 
toothed bar 9 effectively prevent backlash within the meshed pinion and the 
composite rack. 

A composite rack structure according to the present invention provides the 
10 following advantages: 

A rack structure is an injection-molded article of a soft resin material, which is 
a linear extension of two toothed bars integrally connected via an intermediate joint. 
Such an injection-molded article can be produced easily, and accordingly the 
manufacturing cost is low. It can be turned into the final shape simply by folding it 
15 about its joint. The resultant rack is thin, contributing the downsizing of a disc device, 
in which the rack structure is built in. 

The folded linear object has its first and second toothed bar sections 
somewhat staggered, thus preventing an associated pinion from playing over the full 
length of the rack. Such a single piece rack structure can endow the rack-and-pinion 
20 with a perfect anti-backlash function, which can be hardly provided as long as use is 
made of a two-piece article whose two separate toothed bars are coupled together by 
some resilient means. 

The intermediate joint section has counter triangular nails to engage with 
each other. The off-set amount in the upper and lower, staggered toothed bars, and 
25 the pinion-to-rack pressure can be easily controlled in terms of the height, angle and 
center-position of each nail. 
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